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indirectly, one concern controls or has the power to control the other, or a third party or 
parties controls or has the power to control both. 

I hereby declare that exclusive rights under contract or law have been conveyed to and 
remain with the small business concern identified above with regard to the invention 
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States Code, and that such willful false statement may jeopardize the validity of the 
application, any patent issuing thereon, or any patent to which this verified statement is 
directed. 
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PRELIMINARY AMENDMENT 



Dear Sir: 

Prior to examination of the above-identified application, please amend the application as 
follows: 



In the Specification 

Please insert before the Background of the Invention, the following: 



Related Applications 

The present application claims priority to PCT patent application serial number 
PCT/US99/18153, filed on August 10, 1999, which claims priority to U.S. Patent No. 6,074,832, 
issued June 13,2000. 
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In the Claims 

Please delete claims 1-29 and add new claims 30-45 as follows. 

30. An isolated nucleic acid molecule comprising a nucleotide sequence encoding 
mutated canine von Willebrand Factor polypeptide which causes canine von Willebrand' s 
disease, wherein the nucleotide sequence is capable of hybridizing under high stringency 
conditions to the complementary sequence of the sequence of SEQ ID NO. 1 having a mutation 
at nucleotide 937. 

31. A vector comprising the nucleic acid molecule of Claim 30. 

32. A cell comprising the vector of Claim 3 1 . 

33. The isolated nucleic acid molecule of Claim 30, wherein the mutation at 
nucleotide 937 is a base deletion. 

34. A method of detecting a canine von Willebrand Factor gene in a sample 
comprising the steps of: 

a) contacting the sample with an oligonucleotide comprising contiguous 
nucleotides of the nucleic acid sequence of SEQ ID NO. 1 or complement 
thereof, having a mutation at nucleotide 93 7, and capable of specifically 
hybridizing with the canine von Willebrand Factor gene, under conditions 
favorable for hybridization of the oligonucleotide to any complementary 
sequence of nucleic acid in the sample; and 

b) detecting hybridization, thereby detecting a canine von Willebrand Factor 

gene. 
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35. The method of Claim 34, further comprising the step of: 

c) quantifying hybridization of the oligonucleotide to the complementary 
sequence. 

36. The method of Claim 34, wherein the mutation at nucleotide 937 is a base 



37. An assay kit for screening for a canine von Willebrand Factor gene comprising: 

a) an oligonucleotide comprising contiguous nucleic acids of the nucleotide 
sequence of SEQ ID NO. 1 having a mutation at nucleotide 937, and 
capable of hybridizing with the nucleotide sequence encoding canine von 
Willebrand Factor; 

b) reagents for hybridization of the oligonucleotide to a complementary 
nucleic acid sequence; and 

c) container means for a)-b). 



38. The assay kit of Claim 37, wherein the mutation at nucleotide 937 is a base 



39. An assay kit for screening for a canine von Willebrand Factor gene comprising: 

a) a oligonucleotide comprising contiguous nucleic acids of the nucleotide 
sequence that is complementary to the sequence of SEQ ID NO. 1 having 
a mutation at nucleotide 937, and capable of specifically hybridizing to the 
complementary nucleotide sequence; 
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b) reagents for hybridization of the oligonucleotide to a complementary 

nucleic acid sequence; and 

c) container means for a)-b). 

40. The assay kit of Claim 39, wherein the mutation at nucleotide 937 is a base 
deletion. 

41 . A method for detecting a mutated canine von Willebrand Factor gene in a canine 
DNA sample comprising the steps of: 

a) amplifying the DNA sample by polymerase chain reaction to produce 
polymerase chain reaction products, wherein the polymerase chain 
reaction uses primers that produce a restriction site in a mutant allele but 
not in a normal allele, wherein the mutation in the mutant allele is a base 
deletion at nucleotide 937 of the gene encoding canine von Willebrand 
Factor; 

b) digesting the polymerase chain reaction products with a restriction enzyme 
specific to the restriction site of the restriction site primer to produce DNA 
fragments; and 

c) detecting the DNA fragments, thereby detecting a mutated canine von 
Willebrand Factor gene. 

42. The method of Claim 41 , wherein the DNA fragments are detected by gel 
electrophoresis. 

43. The method of Claim 41 , wherein the primers comprise the sequence of SEQ ID 
NOS:23 and 25. 



44. The method of Claim 41 , wherein the restriction enzyme is Mwo L 
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45. An oligonucleotide probe capable of detecting a mutation associated with canine 
von Willebrand's disease, wherein the mutation is a base deletion at nucleotide 937 of the 
nucleotide sequence encoding canine von Willebrand Factor polypeptide, wherein the nucleotide 
sequence is capable of hybridizing under high stringency conditions to the complementary 
sequence of the sequence of SEQ ID NO. 1. 

CONCLUSION 

In view of the amendments and remarks set forth above, it is respectfully submitted that 
this tpplication is in condition for allowance. If there are any remaining issues or the Examiner 
belie ves that a telephone conversation with Applicants' Attorney would be helpful in expediting 
prosecution of this application, the Examiner is invited to call the undersigned at (617) 227-7400. 

Respectfully submitted, 
LAHIVE & COCKFIELD, LLP 



28 State Street 

Boston, Massachusetts 02109 
Telephone: (617)227-7400 
Facsimile: (6 1 7) 742-42 1 4 

Datej: September 15, 2000 



, (k ^ At/ 

DeAnn F. Smith 
Reg. No. 36,683 
Attorney for Applicants 
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DNA ENCODING CANINE VON WILLEBRAND FACTOR 
AND METHODS OF USE 

RELATED APPLICATIONS 

The present invention is a continuation-in-part of U.S. Serial No. 08/896,449, 
5 filed July 18, 1997, which claims priority from U.S. Serial No. 60/020,998, filed July 
19, 1996, both hereby expressly incorporated by reference. 

FIELD OF THE INVENTION 
This invention relates generally to canine von Willebrand factor (vWF), and 
more particularly, to the gene encoding vWF as well as a genetic defect that causes 
10 canine von Willebrand's disease. 

BACKGROUND OF THE INVENTION 
In both dogs and humans, von Willebrand's disease (vWD) is a bleeding 
disorder of variable severity that results from a quantitative or qualitative defect in von 
Willebrand factor (vWF) (Ginsburg, D. et al., Blood 79:2507-2519 (1992); Ruggeri, 
15 Z.M., etal., FASEB J 7:308-31 6 (1993); Dodds, W.J., Mod VetPract 681-686 (1984); 
Johnson, G.S. et al., JAVMA 176:1261-1263 (1988); Brooks, M., Probl In Vet Med 
4:636-646 (1 992)). This clotting factor has two known functions, stabilization of Factor 
VIII (hemophilic factor A) in the blood, and aiding the adhesion of platelets to the 
subendothelium, which allows them to provide hemostasis more effectively. If the 
20 factor is missing or defective, the patient, whether human or dog, may bleed severely. 
The disease is the most common hereditary bleeding disorder in both species, 
and is genetically and clinically heterogenous. Three clinical types, called 1, 2, and 
3 (formerly I, II, and III; see Sadler, J.E. et aL, Blood 84:676-679 (1994) for 
nomenclature changes), have been described. Type 1 vWD is inherited in a dominant, 
25 incompletely penetrant fashion. Bleeding appears to be due to the reduced level of 
vWF rather than a qualitative difference. Although this is the most common form of 
vWD found in most mammals, and can cause serious bleeding problems, it is 
generally less severe than the other two types. In addition, a relatively inexpensive 
vasopressin analog (DDAVP) can help alleviate symptoms (Kraus, K.H. et al., Vet 
30 Surg 18:103-109 (1989)). 

In Type 2 vWD, patients may have essentially normal levels of vWF, but the 
factor is abnormal as determined by specialized tests (Ruggeri, Z.M., et al., FASEB 
J 7:308-316 (1993); Brooks, M., Probl In Vet Med 4:636-646 (1992)). This type is 
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also inherited in a dominant fashion and has only rarely been described in dogs 
(Turrentine, M.A., et aL, Vet Clin North Am Small Anim Pract 18:275 (1988)). 

Type 3 vWD is the most severe form of the disease. It is inherited as an 
autosomal recessive trait, and affected individuals have no detectable vWF in their 
5 blood. Serious bleeding episodes require transfusions of blood or cryoprecipitate to 
supply the missing vWF. Heterozygous carriers have moderately reduced factor 
concentrations, but generally appear to have normal hemostasis. 

Scottish terriers have Type 3 vWD (Dodds, W.J., Mod Vet Pract 681-686 
(1984); Johnson, G.S. et al., JAVMA 176:1261-1263 (1988)). Homozygotes have no 

10 detectable vWF and have a severe bleeding disorder. Heterozygotes have reduced 
levels of the factor, and are clinically normal (Brooks, M. et al., JAVMA 200:1123- 
1127 (1992)). The prevalence of vWD among Scottish terriers including both 
heterozygotes and homozygotes has been variously estimated from 27-31% (Stokol, 
T. etal., Res. Vet. ScL 59:152-155 (1995); Brooks, M., Proc. 9th ACVIM Forum 89-91 

15 (1991)). 

Currently, detection of affected and carrier Scottish terrier dogs is done by 
vWF antigen testing (Benson, R.E. et aL, Am J Vet Res 44:399-403 (1983); Stokol, 
T. et al., Res. Vet ScL 59:152-155 (1995)) or by coagulation assays (Rosborough, 
T.K. et al., J. Lab. Clin. Med. 96:47-56 (1980); Read, M.S. et al., J. Lab. Clin. Med. 

20 101:74-82 (1983)). These procedures yield variable results, as the protein-based 
tests can be influenced by such things as sample collection, sample handling, estrous, 
pregnancy, vaccination, age, and hypothyroidism (Strauss, H.S. et al., New Eng J 
Med 269: 125 1-1 252 (1963); Bloom, A.L, Mayo Clin Proc 66:743-751 (1991); Stirling, 
Y. et al. t Thromb Haemostasis 52:176-182 (1984); Mansell, P.D. et al., Br. Vet J. 

25 148:329-337 (1992); Avgeris, S. et al., JAVMA 196:921-924 (1990); Panciera, D.P. 
et al., JAVMA 205:1 550-1 553 (1 994)). Thus, for example, a dog that tests within the 
normal range on one day, can test within the carrier range on another day. It is 
therefore difficult for breeders to use this information. 

It would thus be desirable to provide the nucleic acid sequence encoding 

30 canine vWF. It would also be desirable to provide the genetic defect responsible for 
canine vWD. It would further be desirable to obtain the amino acid sequence of 
canine vWF. It would also be desirable to provide a method for detecting carriers of 
the defective vWF gene based on the nucleic acid sequence of the normal and 
defective vWF gene. 
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SUMMARY OF THE INVENTION 

The present invention provides a novel purified and isolated nucleic acid 
sequence encoding canine vWF. Nucleic acid sequences containing the mutations 
that cause vWD in Scottish terriers, Doberman pinschers, Shetland sheepdogs, 
5 Manchester terriers and Poodles are also provided. The nucleic acid sequences of 
the present invention may be used in methods for detecting carriers of the mutation 
that causes vWD. Such methods may be used by breeders to reduce the frequency 
of the disease-causing allele and the incidence of disease. In addition, the nucleic 
acid sequence of the canine vWF provided herein may be used to determine the 
10 genetic defect that causes vWD in other breeds as well as other species. 

Additional objects, advantages, and features of the present invention will 
become apparent from the following description, taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
1 5 The various advantages of the present invention will become apparent to one 

skilled in the art by reading the following specification and by referencing the following 
drawings in which: 

Figures 1 A-1 C is the nucleic acid sequence of the canine von Willebrand factor 
of the present invention (SEQ ID NO: 1); 
20 Figures 2A-2C is a comparison of the human and canine prepro-von 

Willebrand factor amino acid sequences (SEQ ID NO: 2); 

Figure 3 provides nucleotide sequencing ladders for the von Willebrand's 
disease mutation region for normal (clear), carrier, and affected Scottish terriers, the 
sequences being obtained directly from PCR products derived from genomic DNAs 
25 in exon 4; 

Figure 4 illustrates the results of a method of the present invention used to 
detect the Scottish terrier vWD mutation (SEQ ID NOS: 3-13); 

Figure 5 shows the Scottish terrier pedigree, which in turn illustrates 
segregation of the mutant and normal vWF alleles; 
30 Figure 6 is an illustration showing the splice site comparison between normal 

and mutant Doberman pinscher vWF alleles (SEQ ID NOS: 14-17); 

Figure 7 is a photograph of a sequencing ladder showing the cryptic splice cite 
from the mutant allele (SEQ ID NO: 18); 

Figure 8 is a photograph of an agarose gel showing representative results of 
35 the PCR-based diagnostic test; 
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Figure 9 is a histogram of genotypes versus reported vWF values; 

Figure 10 is a photograph of a sequencing gel showing the mutation region 
between a vWD affected and a homozygous normal Shetland sheepdog (SEQ ID 
NOS: 19 and 20); 

5 Figure 1 1 is a diagram illustrating the Mwo I diagnostic test for the Shetland 

sheepdog Type 3 vWD mutation (SEQ ID NOS: 21-25); and 

Figure 12 is a photograph of an agarose gel showing the results of the 
diagnostic test for the Shetland sheepdog Type 3 vWD mutation. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

1 0 The cDNA encoding canine von Willebrand Factor (vWF) has been sequenced, 

and is set forth in Figures 1A-1C and SEQ ID NO: 1. The deduced amino acid 
sequence is set forth in Figures 2A-2C and SEQ ID NO: 2. In one embodiment, the 
mutation of the normal vWF gene which causes von Wiliebrand's Disease (vWD) in 
Scottish terriers, a deletion at codon 88 of the normal gene resulting in a frameshift, 

15 is provided. In another embodiment, a splice junction mutation at nucleotide position 
7639 of the normal gene, which causes vWD in Doberman pinschers, Manchester 
terriers and Poodles, is provided. In yet another embodiment, a single base deletion 
at nucleotide position 937 of the normal gene, causing vWD in Shetland sheepdogs, 
is provided. The nucleic acid sequences of the present invention may be used in 

20 methods for detecting homozygous and heterozygous carriers of the defective vWF 
gene. 

In a preferred method of detecting the presence of the von Willebrand allele 
in canines, DNA samples are first collected by relatively noninvasive techniques, i.e., 
DNA samples are obtained with minimal penetration into body tissues of the animals 

25 to be tested. Common noninvasive tissue sample collection methods may be used 
and include withdrawing buccal cells via cheek swabs and withdrawing blood samples. 
Following isolation of the DNA by standard techniques, PCR is performed on the DNA 
utilizing pre-designed primers that produce enzyme restriction sites on those DNA 
samples that harbor the defective gene. Treatment of the amplified DNA with 

30 appropriate restriction enzymes such as BsE I thus allows one to analyze for the 
presence of the defective allele. One skilled in the art will appreciate that this method 
may be applied not only to Scottish terriers, Doberman pinschers, Shetland 
sheepdogs, Manchester terriers and Poodles, but to other breeds such as Dutch 
Kooikers, as well. 
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The presence of the von Willebrand allele in canines can also be detected 
utilizing ligation amplification reaction technology (LAR) known to those skilled in the 
art. LAR is a method analogous to PCR for DNA amplification wherein ligases are 
employed for elongation in place of polymerases used for PCR. Another alternate 
5 method for detecting the presence of the canine von Willebrand allele also known to 
those skilled in the art, is allele specific oligonucleotide hybridization, wherein an 
oligonucleotide of about 20 bp containing the contiguous nucleotides of the allele of 
interest is hybridized to the canine DNA. 

The present invention provides breeders with an accurate, definitive test 

10 whereby the undesired, defective vWF gene may be eliminated from breeding lines. 
The current tests used by breeders are protein-based, and as noted previously, the 
primary difficulty with this type of test is the variability of results due to a variety of 
factors. The ultimate result of such variability is that an inordinate number of animals 
fall into an ambiguous grouping whereby carriers and noncarriers cannot be reliably 

1 5 distinguished. The present invention obviates the inherent limitations of protein-based 
tests by detecting the genetic mutation which causes vWD. As described in the 
Specific Examples, the methods of the present invention provide an accurate test for 
distinguishing noncarriers, homozygous carriers and heterozygous carriers of the 
defective vWF gene. 

20 It will be appreciated that because the vWF cDNA of the present invention is 

substantially homologous to vWF cDNA throughout the canine species, the nucleic 
acid sequences of the present invention may be used to detect DNA mutations in 
other breeds as well. In addition, the canine vWF sequence presented herein 
potentially in combination with the established human sequence (Genbank Accession 

25 No. X04385, Bonthron, D. et aL, Nucleic Acids Res. 14:7125-7128 (1986); Mancuso, 
DJ. et aL, Biochemistry 30:253-269 (1989); Meyer, D. et al., Throm Haemostasis 
70:99-104 (1993)), may be used to facilitate sequencing of the vWF gene and genetic 
defects causing vWD, in other mammalian species e.g., by using cross-species PCR 
methods known by those skilled in the art. 

30 It is also within the contemplation of this invention that the isolated and purified 

nucleic acid sequences of the present invention be incorporated into an appropriate 
recombinant expression vector, e.g., viral or plasmid, which is capable of transforming 
an appropriate host cell, either eukaryotic (e.g., mammalian) or prokaryotic (e.g., E. 
coli). Such DNA may involve alternate nucleic acid forms, such as cDNA, gDNA, and 

35 DNA prepared by partial or total chemical synthesis. The DNA may also be 
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accompanied by additional regulatory elements, such as promoters, operators and 
regulators, which are necessary and/or may enhance the expression of the vWF gene 
product. In this way, cells may be induced to over-express the vWF gene, thereby 
generating desired amounts of the target vWF protein. It is further contemplated that 
5 the canine vWF polypeptide sequence of the present invention may be utilized to 
manufacture canine vWF using standard synthetic methods. 

One skilled in the art will appreciate that the defective protein encoded by the 
defective vWF gene of the present invention may also be of use in formulating a 
complementary diagnostic test for canine vWD that may provide further data in 

10 establishing the presence of the defective allele. Thus, production of the defective 
vWF polypeptide, either through expression in transformed host cells as described 
above for the active vWF polypeptide or through chemical synthesis, is also 
contemplated by the present invention. 

The term "gene" as to referred herein means a nucleic acid which encodes a 

15 protein product. The term "nucleic acid" refers to a linear array of nucleotides and 
nucleosides, such as genomic DNA, cDNA and DNA prepared by partial or total 
chemical synthesis from nucleotides. The term "encoding" means that the nucleic 
acid may be transcribed and translated into the desired polypeptide. "Polypeptide" 
refers to amino acid sequences which comprise both full-length proteins and 

20 fragments thereof. "Mutation" as referred to herein includes any alteration in a nucleic 
acid sequence including, but not limited to, deletions, substitutions and additions. 

As referred to herein, the term "capable of hybridizing under high stringency 
conditions" means annealing a strand of DNA complementary to the DNA of interest 
under highly stringent conditions. Likewise, "capable of hybridizing under low 

25 stringency conditions" refers to annealing a strand of DNA complementary to the DNA 
of interest under low stringency conditions. In the present invention, hybridizing under 
either high or low stringency conditions would involve hybridizing a nucleic acid 
sequence (e.g., the complementary sequence to SEQ ID NO: 1 or portion thereof), 
with a second target nucleic acid sequence. "High stringency conditions" for the 

30 annealing process may involve, for example, high temperature and/or low salt content, 
which disfavor hydrogen bonding contacts among mismatched base pairs. "Low 
stringency conditions" would involve lower temperature, and/or higher salt 
concentration than that of high stringency conditions. Such conditions allow for two 
DNA strands to anneal if substantial, though not near complete complementarity 

35 exists between the two strands, as is the case among DNA strands that code for the 



same protein but differ in sequence due to the degeneracy of the genetic code. 
Appropriate stringency conditions which promote DNA hybridization, for example, 6X 
SSC at about 45 'C, followed by a wash of 2X SSC at 50 'C are known to those 
skilled in the art or can be found in Current Protocols in Molecular Biology, John 
5 Wiley & Sons, NY (1 989), 6.31-6.3.6. For example, the salt concentration in the wash 
step can be selected from a low stringency of about 2X SSC at 50 C to a high 
stringency of about 0.2X SSC at 50 'C. In addition, the temperature in the wash step 
can be increased from low stringency at room temperature, about 22 'C, to high 
stringency conditions, at about 65 'C. Other stringency parameters are described in 
10 Maniatis, T., et al., Molecular Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring NY, (1982), at pp. 387-389; see also Sambrook J. et 
al., Molecular Cloning: A Laboratory Manual, Second Edition, Volume 2, Cold Spring 
Harbor Laboratory Press, Cold Spring, NY at pp. 8.46-8.47 (1989). 

SPECIFIC EXAMPLE 1 - SCOTTISH TERRIERS 
1 5 Materials And Methods 

Isolation of RNA. The source of the RNA was a uterus from a Scottish 
Terrier affected with vWD (factor level < 0.1% and a clinical bleeder), that was 
surgically removed because of infection. Spleen tissue was obtained from a 
Doberman pinscher affected with vWD that died from dilated cardiomyopathy (factor 
20 level 7% and a clinical bleeder). Total RNA was extracted from the tissues using 
Trizol (Life Technologies, Gaithersburg, MD). The integrity of the RNA was assessed 
by agarose gel electrophoresis. 

Design ofPCR primer sets. Primers were designed to a few regions of the 
gene, where sequences from two species were available (Lavergne, J.M. et al., 
25 Biochem BiophysRes Commun 194:1019-1024 (1993); Bakhshi, M.R. etal.. Biochem 
Biophys Acta 1132:325-328 (1992)). These primers were designed using rules for 
cross-species' amplifications (Venta et al.. "Gene-Specific Universal Mammalian 
Sequence-Tagged Sites: Application To The Canine Genome" Biochem. Genet. 
34:321-341 (1996)). Most of the primers had to be designed to other regions of the 
30 gene using the human sequence alone (Mancuso, D.J. et al., Biochemistry 30:253- 
269 (1991)). Good amplification conditions were determined by using human and 
canine genomic DNAs. 

Reverse Transcriptase-PCR. Total RNA was reverse transcribed using 
random primers (Bergenhem, N.C.H. etal., PNAS(USA) 89:8789-8802 (1992)). The 
35 cDNA was amplified using the primer sets shown to work on canine genomic DNA. 
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DNA Sequence Analysis. Amplification products of the predicted sizes were 
isolated from agarose gels by adsorption onto silica gel particles using the 
manufacturer's method (Qiagen, Chatsworth, CA). Sequences were determined using 
^P-S' end-labeled primers and a cycle sequencing kit (United States Biochemical 
5 Corp., Cleveland, OH). The sequences of the 5' and 3' untranslated regions were 
determined after amplification using Marathon™ RACE kits (Clontech, Palo Alto, CA). 
Sequences were aligned using the Eugene software analysis package (Lark 
Technologies, Houston, TX). The sequence of the canine intron four was determined 
from PCR-ampIified genomic DNA. 
10 Design of a Diagnostic Test PCR mutagenesis was used to create 

diagnostic and control BsiE i and Sau96 I restriction enzyme sites for the test. 
Amplification conditions for the test are: 94°C, 1 min, 6TC, 1 min, and 72°C, 1 min, 
for 50 cycles using cheek swab DNA (Richards, B. et al. t Human Molecular Genetics 
2:159-163 (1992)). 

15 Population Survey. DNA was collected from 87 Scottish terriers from 16 

pedigrees. DNA was isolated either from blood using standard procedures 
(Sambrook, J. et al., Cold Harbor Spring Lab, Cold Harbor Spring NY, 2nd Edition, 
(1989)) or by cheek swab samples (Richards, B. et al., Human Molecular Genetics 
2:159-163 (1992)). The genetic status of each animal in the survey was determined 

20 using the BsiE I test described above. 

Results 

Comparison of the canine and human sequences. The alignment of the 
canine and human prepro-von Willebrand Factor amino acid sequences is shown in 
Figures 2A-2C (SEQ ID NO: 2). The location of the Scottish terrier vWD mutation is 

25 indicated by the Potential N-glycosylation sites are shown in bold type. The 
known and postulated integrin binding sites are boxed. Amino acid numbers are 
shown on the right side of the figure. The human sequence is derived from Genbank 
accession number X04385. 

Overall, 85.1% sequence identity is seen between the prepro-vWF sequences. 

30 The pro-region is slightly less conserved than the mature protein (81.4% vs. 87.5%). 
There were no other noteworthy percentage sequence identity differences seen in 
other regions of the gene, or between the known repeats contained within the gene 
(data not shown). Fourteen potential N-linked glycosylation sites are present in the 
canine sequence, all of which correspond to similar sites contained within the human 

35 sequence. The two integrin binding sites identified in the human vWF protein 
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sequence (Lankhof, H. et al., Blood 86:1035-1042 (1995)) are conserved in the 
canine sequence as well (Figures 2A-2C; SEQ ID NO: 2). The 5' and 3' untranslated 
regions have diverged to a greater extent than the coding region (data not shown), 
comparable to that found between the human and bovine sequences derived for the 
5 5' flanking region (Janel, N. etal., Gene 167:291-295 (1995)). Additional insights into 
the structure and function of the von Willebrand factor can be gained by comparison 
of the complete human sequence (Genbank Accession No. X04385; Bonthron, D. et 
al., Nucleic Acids Res. 14:7125-7128 (1986); Mancuso, D.J. et al. t Biochemistry 
30:253-269 (1989); Meyer, D. et al., Throm Haemostasis 70:99-104 (1993)) and the 

10 complete canine sequence reported here. 

The sequence for most of exon 28 was determined (Mancuso, D.J. et al., 
Thromb Haemost 69:980 (1993); Porter, C.A. et al., Mot Phylogenet Evol 5:89-101 
(1996)). All three sequences are in complete agreement, although two silent variants 
have been found in other breeds (Table 1 , exon 28), Partial sequences of exons 40 

1 5 and 41 (cDNA nucleotide numbers 6923 to 71 55, from the initiation codon) were also 
determined as part of the development of a polymorphic simple tandem repeat genetic 
marker (Shibuya, H. et al., Anim Genet 24:122 (1994)). There is a single nucleotide 
sequence difference between this sequence ("T") and the sequence of the present 
invention, ("C") at nucleotide position 6928. 

20 Scottish Terrier vWD mutation. Figure 3 shows nucleotide sequencing 

ladders for the vWD mutation region for normal (clear), carrier, and affected Scottish 
terriers. The sequences were obtained directly from PGR products derived from 
genomic DNAs in exon 4. The arrowheads show the location of the C nucleotide that 
is deleted in the disease-causing allele. Note that in the carrier ladder each base 

25 above the point of the mutation has a doublet appearance, as predicted for deletion 
mutations. The factor levels reported for these animals were: Normal, 54%; Carrier, 
34%; Affected, <0.1%. 

As a result of the deletion, a frameshift mutation at codon 88 leads to a new 
stop codon 103 bases downstream. The resulting severely truncated protein of 119 

30 amino acids does not include any of the mature vWF region. The identity of the base 
in the normal allele was determined from an unaffected dog. 

Development of a diagnostic test A PCR primer was designed to produce 
a BsiE I site in the mutant allele but not in the normal allele (Figure 4; SEQ ID NOS 
3 and 10). The position of the deleted nucleotide is indicated by an asterisk. The 

35 altered nucleotides in each primer are underlined. The normal and mutant allele can 
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also be distinguished using Sau96 I. The naturally occurring Sau96 I sites are shown 
by double underlines. The highly conserved donor and acceptor dinucleotide splice 
sequences are shown in bold type. 

In order to ensure that the restriction enzyme cut the amplified DNA to 
completion, an internal control restriction site common to both alleles was designed 
into the non-diagnostic primer. The test was verified by digestion of the DNA from 
animals that were affected, obligate carriers, or normal (based on high factor levels 
[greater than 100% of normal] obtained from commonly used testing labs and 
reported by the owners, and also using breeds in which Type 3 vWD has not been 
observed). The expected results were obtained (e.g., Figure 5). Five vWD-affected 
animals from a colony founded from Scottish terriers (Brinkhous, K.M. et al. f Ann. 
New York Acad. Sci. 370:191-203 (1981)) were also shown to be homozygous for this 
mutation. An additional unaffected animal from this same colony was found to be 
clear. 

It would still be possible to misinterpret the results of the test if restriction 
enzyme digestion was not complete, and if the rates of cleavage of the control and 
diagnostic sites were vastly different. The rates of cleavage of the two Bs/E I sites 
were thus examined by partially digesting the PCR products and running them on 
capillary electrophoresis. The rates were found to be very nearly equal (the 
diagnostic site is cut 12% faster than the control site). 

The mutagenesis primer was also designed to produce a Sau96 I site into the 
normal allele but not the mutant allele. This is the reverse relationship compared to 
the Bs/E l-dependent test, with respect to which allele is cut. Natural internal Sau96 
I sites serve as digestion control sites (shown in Figure 4). The test using this 
enzyme produced identical genotypic results compared to the Bs/E I for all animals 
examined (data not shown). 

Mendelian inheritance. One test often used to verify the correct identification 
of a mutant allele is its inheritance according to Mendel's law of segregation. Three 
pedigrees were examined in which the normal and mutant alleles were segregating, 
as shown in Figure 5. Exon four of the vWF gene was PCR-amplified from genomic 
DNA. The PCR products were examined for the presence of the normal and mutant 
vWF alleles by agarose gel electrophoresis after digestion with Bs/E I (see Figure 5). 
The affected animals are homozygous for the mutant allele (229 bp; lanes 3 and 5). 
The other animals in this pedigree are heterozygotes (251 bp and 229 bp; lanes 1, 
2, 4, and 6), including the obligate carrier parents. 
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Table 1 - Differences Between Scottie And Ooberman Pinscher 
Protein And Nucleotide von Willebrand Factor Sequences 
With Comparison To The Human Sequences 
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K 
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D 
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GAC 
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TAT 
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42 
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P 


P 


P 
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47 
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P 


P 


P 
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49 
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D 


D 


D 
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GAT 
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51 
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E 


E 


E 


GAG 
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1 Amino acid residue position 
Untranslated region 
Nucleotide position 
4 Not Applicable 
25 5 Frameshift mutation 

6 Spiice site mutation for Doberman pinscher, Manchester terrier and Poodle 
Boxed residues show amino acid differences between breeds 
*This site has been shown to be polymorphic in some breeds 
The mature VWF protein begins in exon 18 

30 The alleles, as typed by both the Bs/E I and Sau96 I tests, showed no 

inconsistencies with Mendelian inheritance. One of these pedigrees included two 
affected animals, two phenotypically normal siblings, and the obligate carrier parents. 
The two parents were found to be heterozygous by the test, the two affected animals 
were found to be homozygous for the mutant allele, and the normal siblings were 

35 found to be heterozygotes. 

Population survey for the mutation. Cheek swabs or blood samples were 
collected from 87 animals in order to determine the incidence of carriers in the U.S. 
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Scottish terrier population. Although an attempt was made to make the sample as 
random as possible, these dogs were found to come from 16 pedigrees, several of 
which are more distantly interconnected. This is due to some ascertainment bias, 
based on ownership (as opposed to phenotypic ascertainment bias). In these 87 
5 animals, 4 affected and 15 carrier animals were found. 

Discussion 

These results establish that the single base deletion found in exon four of the 
vWF gene causes vWD in the Scottish terrier breed. The protein produced from the 
. mutant allele is extremely short and does not include any of the mature vWF protein. 
10 Four Scottish terriers known to be affected with the disease are homozygous for the 
mutation. Five other mixed-breed dogs descended from Scottish terriers, and affected 
with vWD, are also homozygous for the mutation. No normal animals are 
homozygous for the mutation. Unaffected obligate carriers are always heterozygous 
for the mutation. 

15 The gene frequency, as determined from the population survey, appears to be 

around 0.13 resulting in a heterozygote frequency of about 23% and expected 
frequency of affected animals of about 2%. Although the sample size is relatively 
small and somewhat biased, these data are in general agreement with the protein- 
based surveys (Stokol, T. et al., Res Vet Set 59: 152-1 55 (1995); Brooks, M., Probl In 

20 Vet Med 4:636-646 (1992)), in that the allele frequency is substantial. 

All data collected thus far indicate that this mutation may account for 
essentially all of the von Willebrand's disease found in Scottish terriers. This result 
is consistent with the results found for other genetic diseases, defined at the 
molecular level, in various domestic animals (Shuster, D.E. et al., PNAS (USA) 

25 89:9225-9229 (1992); Rudolph, J.A. etal., Nat Genet 2:144-147 (1992); O'Brien, P.J. 
et al., JAVMA 203:842-851 (1993)). A likely explanation may be found in the 
pronounced founder effect that occurs in domestic animals, compared to most human 
and wild animal populations. 

Published data using the protein-based factor assays have shown that, at least 

30 in several instances, obligate carriers have had factor levels that would lead to a 
diagnosis of "clear" of the disease allele. For example, in one study an obligate 
carrier had a factor level of 78% (Johnson, G.S. et al., JAVMA 176:1261-1263 
(1980)). In another study, at least some of the obligate carriers had factor levels of 
65% or greater (Brinkhous, K.M. et al., Ann. New York Acad. Sci. 370:191-203 

35 (1981)). In addition, the number of animals that fall into an equivocal range can be 
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substantial. In one study, 19% of Scottish terriers fell in this range (50-65% of the 
normal vWF antigen level) (Stoko! t T. et al., Res VetSci 59:152-155 (1995)). Thus, 
although the protein-based tests have been useful, the certainty of the DNA-based 
test described herein should relieve the necessity of repeated testing and the 
5 variability associated with the protein-based assays. 

The mutation is present in the pre-vWF part of the molecule. This part of the 
molecule is processed off prior to delivery of the mature protein into the plasma. This 
pre-portion of the molecule is important for the assembly of the mature vWF protein 
(Verwiej, L et al., EBMO J 6:2885-2890 (1987); Wise, R.J. et al., Cell 52:229-236 

10 (1 988)). With the Scottish terrier frameshift vWD mutation, neither this pre-portion nor 
any of the mature factor is ever produced, in keeping with the fact that no factor has 
ever been detected in the blood of affected dogs. 

The determination of the complete canine vWF cDNA sequence will have an 
impact upon the development of carrier tests for other breeds and other species as 

15 well. Currently, Shetland sheepdogs (see Specific Example 3) and Dutch Kooikers 
are known to have a significant amount of Type 3 vWD (Brooks, M. et al., JAVMA 
200:1 1 23-1 1 27 (1 992); Slappendel, R. J., Vet-Q 1 7:S21 -S22 (1 995)). Type 3 vWD has 
occasionally be seen in other breeds as well (e.g., Johnson, G.S. et al., JAVMA 
176:1261-1263 (1980)). Ail Type 3 vWD mutations described in humans to date have 

20 been found within the vWF gene itself. The availability of the canine sequence will 
make it easier to find the mutations in these breeds. In addition, at least some Type 
1 mutations have been found within the human vWF gene, and thus Type 1 mutations 
may also be found within the vWF gene for breeds affected with that form of the 
disease. The availability of two divergent mammalian vWF cDNA sequences will also 

25 make it much easier to sequence the gene from other mammalian species using 
cross-species PCR methods (e.g., Venta etal., Biochem. Genet 34:321-341 (1996)). 

The test described herein for the detection of the mutation in Scottish terriers 
may be performed on small amounts of DNA from any tissue. The tissues that are 
the least invasive to obtain are blood and buccal cells. For maximum convenience, 

30 a cheek swab as a source of DNA is preferred. 

SPECIFIC EXAMPLE 2 - DOBERMAN PINSCHER 
Materials and Methods 
RT-PCR and DNA Sequence Analysis. RNA was isolated by using Trizol 
(Life Technologies, Gaitherburg, MD) from the spleen of a Doberman pinscher that 

35 was affected with vWD (factor value of 7% of normal) and that had died from dilated 
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cardiomyopathy. RT-PCR was performed as previously described using primers to 
the canine vWF cDNA, Most PCR products were determined directly using a cycle 
sequencing kit (Amersham Corp, Chicago, IL). A minor band containing the four base 
deletion (see Results) was subcioned into a plasmid vector prior to sequence 
5 analysis. The five kb intron 43 was amplified using a commercially available kit for 
long PCR (Boehringer-Mannheim, Indianapolis, IN). The cycling times and 
temperatures were as follows: initial denaturation, 93°C, 2 min; 10 cycles of 93°C, 15 
sec, 62°C, 30 sec, 68°C, 4 min; 20 cycles of 93°C, 15 sec, 62°C, 30 sec, 68°C, 4 min 
with 20 additional sec per cycle. This was followed by a final extension at 68°C for 

10 7 min. The sequences of the primers used were: exon 43 (sense primer), 5- 
TCTACCCTGTGGGCCAGTTC-3' (SEQ ID NO: 26), and exon 44 (antisense primer), 
5-GACCACCTCACAGGCAGAT-3' (SEQ ID NO: 27). 

PCR-Based Mutation Test PCR mutagenesis was used to create an Msp 
I site in the normal allele but not in the mutant allele. An internal Msp I digestion 

15 control site was also created by PCR mutagenesis within the anti-sense primer, 
whose target is within intron 43. The control site is contained within the amplification 
products of both alleles. The sequences of the primers are: diagnostic (sense) 
primer, 5'-CTGTGAGGACAACTGCCTGCC-3' (SEQ ID NO: 28); and common (anti- 
sense) primer, 5'-TGGCCCTGAACCGGAAATTACTCAAG-3' (SEQ ID NO: 29) (the 

20 altered bases within each primer are underlined). A touchdown' PCR protocol was 
used for the amplification. The amplification conditions are: 94*C, 30 sec, 63 to 55°C, 
40 sec, and 72°C, 50 sec, for the first 8 cycles, with the annealing temperature 
dropping one degree per cycle. Twenty-eight additional cycles were run, with the 
annealing temperature held at 55°C. The DNA was digested with Msp I after PCR 

25 amplification. 

Population Survey. Owners who participated in a population survey supplied 
cheek swabs from their dogs for genotype analysis. Richards, B. et aL, Hum. Mol. 
Genet 2:159 (1992). A number of these dogs had associated vWF values that were 
determined by various testing laboratories that provide this service to breeders. 

30 Results 

During the sequence analysis of the vWF mRNA from an affected Doberman 
pinscher, a significant nucleotide difference from the Scottish terrier sequence was 
discovered. This change was found at the last base of exon 43 (nucleotide 7437 from 
the initiation codon, at amino acid position Ser 2479; G in Scotties, A in the affected 

35 Doberman) (Table 1). Although this is a silent amino acid change, it causes the 
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splice junction to be less similar to the mammalian splice junction consensus. Nakai, 
K. et al., Gene 141:171 (1994); Krawcsak, M. et al., Genet. 90:41 (1992). Just 
upstream of the normal splice junction is another sequence that also has significant 
similarity to the consensus, which is increased by the A at nucleotide position 7437 
(Figure 6; SEQ ID NOS: 14-17). The A at the end of exon 43 could cause the normal 
splice junction to be used less frequently, and that the upstream cryptic splice site 
becomes the one predominantly used. Comparison of the splice sites by a devised 
statistical method (Shapiro, M.B. etal., Nucleic Acids Res. 15:7155 (1987)) gave the 
following scores: normal splice position with the wild-type allele (G at 7536), 83.9; 
cryptic splice site with the wild-type allele, 60.6; normal splice position with the mutant 
allele (A at 7437), 72.2; cryptic splice site with the mutant allele, 70.5. Higher scores 
represent a greater likelihood of splicing potential. The scores for the normal and 
cryptic splice sites are quite different with the wild-type allele, but are very close with 
the mutant allele. These results support the probability of a decreased likelihood for 
splicing at the normal site, and an increased potential for splicing at the cryptic site 
with the mutant allele. 

A faint RT-PCR band just below the major band from which the variant 
nucleotide had been detected was observed. This minor band was missing the four 
bases at the end of exon 43 as confirmed by sequence analysis (Figure 7; SEQ ID 
NO: 18). The position of the four deleted bases is shown on the right side of Figure 

7 (SEQ ID NO: 18). 

A PCR-based test was developed to detect the nucleotide difference in 
genomic DNA as described herein in Materials and Methods. The results of the test 
for several animals with a spectrum of factor values yield a significant correlation 
between genotype and factor value as shown in Figure 8. Lane 1 contains a 50 bp 
ladder as a size marker. The uncut PCR product is 135 bp (lane 8). Both alleles 
contain a common Msp I restriction site that serves as an internal digestion control. 
The mutant (A) and normal (G) alleles are represented by the 123 bp and 102 bp 
bands, respectively. Reported factor levels and deduced genotypic status for dogs 
represented in the additional lanes are as follows: 2, 12 %, affected (AA); 3, 8 %, 
affected (AA); 4. 39 %, carrier (AG); 5, 68 %, carrier (AG); 6, 125 %, homozygous 
normal (GG); 7, 136 %, homozygous normal (GG). A survey of 21 randomly 
ascertained animals with associated factor values showed a strong correlation 
between genotype and factor level as presented in the histogram of Figure 9. The 
shaded boxes indicate predicted genotypes based on factor levels that are not 
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consistent with the genotypes deduced from the PCR-based diagnostic test. Larger 
factor value-only surveys (Johnson et al., Vet Clin. North Am. Small Anim. Pract 
18:195-229 (1988); Moser et al, Am. J. Vet Res. 57:1288-1293 (1996); Stokol etal., 
Aust Vet J. 72:257-262 (1996)) indicate substantial overlap between genotypes 
5 based upon the protein-based methods. A larger survey on 67 additional Dobermans 
contained in 10 independently ascertained pedigrees was performed to obtain an 
estimate of the mutant allele frequency within the breed. Of the total of 88 animals, 
40 were AA ( 35 were AG, and 13 were GG. From these results, the A allele 
frequency was estimated to be 0.64. 

10 Discussion 

The splice junction mutation at the end of exon 43 is the cause of recessive 
Type 1 vWD found within the Doberman pinscher breed. The mutation decreases the 
similarity between the normal splice junction and the mammalian consensus while at 
the same time increasing the similarity of the cryptic splice site found just upstream 

15 of the normal splice site (Figure 6; SEQ ID NOS: 14-17). The calculated Shapiro- 
Senapathy splice site values (Shapiro, M.B. etal., Nucleic Acids Res. 15:7155 (1987)) 
are very similar for the normal and cryptic splice sites when an A is present at 
nucleotide position 7536. The Shapiro-Senapathy calculation is probably not 
completely accurate in determining the relative amount of splicing that can occur 

20 between different sites. Therefore, it is not inconsistent to find that the cryptic splice 
site is used more often than the normal site, in the mutant allele. 

The sequence of the minor amplification product seen just below the main 
amplification band exactly matches that predicted by the use of the cryptic splice site 
(Figure 7; SEQ ID NO: 18). The fact that there is less cryptically spliced mRNA than 

25 normally spliced mRNA present in the cytoplasm can be explained by the relative 
instability of the cryptically spliced message. The cryptically spliced mRNA produces 
a shift in the translational reading frame, resulting in the formation of a premature stop 
codon. It is well known that mRNAs that produce truncated proteins are unstable, 
perhaps because ribosomes do not remain attached to the message to protect it from 

30 degradation by intracellular RNases or because of the incomplete assembly of 
splicosomes on mutant splice sites. Maquat, L.E., Am J Hum Genet 59:279 (1996). 
The average amount of vWF protein present in affected animals is roughly 10% of the 
normal canine value. Thus, each mutant allele should produce about 5% of the 
normal amount of vWF mRNA and protein. From this, it can be predicted that the 

35 average heterozygous Doberman should produce 55% of the average canine vWF 
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value. The vWF mRNA estimated in affected animals has been shown to be roughly 
20% of normal by densitometry scans of northern blots, Meinkoth, J.H. et al. f Am. J. 
Vet Res. 56:1577 (1995). This mRNA is predicted to consist primarily of the correctly 
spliced transcript. 

The mutation has been shown to be linked to the vWF iocus (Figure 9 and 
Holmes, N.G. et al. f J. Small An. Prac 37:307 (1996). Most human Type 1 vWD, in 
which there is a true clinical bleeding problem, appears to be inherited in a dominant, 
incompletely penetrant fashion. Ginsburg, D. et al. f Blood 79:2507 (1992). Although 
a few Type 1 mutations have been found within the vWF locus (see, e.g., Siguret, V. 
et aL, Hum. Genet 93:95 (1994); Eikenboom, J.C.J, et al., Blood 88:2433 (1996)), it 
has been argued that another locus or loci may also cause some Type 1 vWD. 
Ginsburg, D. et aL, Blood 79:2507 (1992). In fact, one murine Type 1 vWD has been 
mapped to locus that is not linked to the vWF gene. Nichols, W.C. et al., Blood 
83:3225 (1994). The data show that a least a proportion of Type 1 vWD in humans 
might also be caused by the exon 43 mutation, or other leaky splice junction 
mutations. The mode of inheritance for this type of mutation is recessive, but it might 
appear to be dominant in certain situations, such as that of the Doberman pinscher. 
The number of splice site mutations of the type described herein are significantly 
below the number that would be predicted to occur, suggesting that these types of 
mutations are more difficult to detect or have been overlooked in the past. Krawcsak, 
M. et al., Hum. Genet 90:41 (1992). This might be because they produce a less 
severe phenotype than other types of mutations that cause a complete loss of 
function. 

SPECIFIC EXAMPLE 3 - SHETLAND SHEEPDOG 

Total DNA was isolated from material obtained from a spay of an affected 
Shetland sheepdog (Sheltie). This animal had been tested for the vWF antigen, and 
was reported to have a 0% value by a laboratory skilled in this testing (Diagnostic 
Laboratory, Comparative Hematology Section, College of Veterinary Medicine, Cornell 
University). The owner had decided to have the spay done after obtaining this result, 
and donated the removed tissues. The entire RT-PCR coding region of this mutant 
gene was sequenced as described in Specific Example 1 , to identify the mutation that 
causes vWD. A mutation was found in the vWF gene that appears to be responsible 
for most or all of the type 3 vWD found in the Sheltie breed. A deletion of a single 
T was found at nucleotide position 735 of the encoding region (Figure 10; SEQ ID 
NOS: 19 and 20). The arrows in Figure 10 indicate the series of T nucleotides in 
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which one T has been deleted in the DNA of the affected animal compared to the 
normal animal. This deletion, present in the equivalent of human exon 7, would 
cause a shift in the reading from of the vWF-encoding region, and result in a severely 
truncated protein. A diagnostic test was designed to detect this mutation (Figure 1 1 ; 
5 SEQ ID NOS: 21-25). The deletion causes the creation of an Mwo I restriction site 
and thus, the Mwo site is found in the mutant allele, but not in the normal allele. The 
sequence shown in Figure 11 (SEQ ID NOS: 21 and 22) is that of the canine gene 
that corresponds to the human vWF exon 7. The single letter code for amino acids 
is shown above the nucleotide sequence and the primer sequences are shown below 

10 the gene sequence. The Mwo I sites are also indicated. An internal digestion control 
site is present in the non-diagnostic primer region. Reagent concentrations for this 
test were: 100 dNTPs, 50 mM KCI, 10 mM Tris-HCI (pH 8.3), 2 mM MgCI 2 , 0.05 
to 0.1 fig target DNA, 15//M of each primer (SEQ ID NOS: 23 and 25), and 0.025 U 
Taq DNA polymerase. Cycling conditions were: 94°C, 4 min, one cycle, followed by 

15 50 cycles of 94°C, 30 sec, 63°C, 40 sec, and 72°C, 40 sec. The relatively low Taq 
concentration (compared to generally accepted conditions) with the high number of 
cycles prevents the amplification of non-specific PCR bands. One microliter of Mwo 
I restriction enzyme (New England Biolabs, Inc.) and 2 //I of 50 mM MgCI 2 were added 
directly to the PCR reaction after amplification, and incubated at 60°C for 1 hr. 

20 Digestion products were then observed after gel electrophoresis on a 1 .5% agarose 
gel and the results shown in Figure 12. Lanes 1 and 17 show a one hundred bp 
ladder. Lanes 2-6 show the results from an affected animal, lanes 7-1 1 show the 
results from a carrier animal, and lanes 12-16 show the results from a homozygous 
normal animal. Lane 18 shows an undigested control PCR product. The duplicate 

25 samples demonstrate the reproducibility of the test. Numbers on the left side of the 
gel show the sizes of the standard bands, and numbers on the right side of the gel 
show the sizes of the uncut product (U), the normal allele (N), and the two bands for 
the mutant allele (M). 

A survey of Shelties was conducted to determine the frequency of the mutation 

30 within the U.S. population. Of a total of 103 animals, 14 were carriers, giving a carrier 
frequency of 13.6%. This frequency is less than the value of 28% reported for the 
breed in 1988 for 730 animals when using the factor antigen test. Brooks, M. et al., 
J. Am, Vet Med. Assoc. 200:1123-1127 (1992). One third of these carriers are 
thought to be due to Type 1 vWD also present in the breed. Still, the value of 13.6% 

35 would be lower than the calculated value of 18.7% from the antigen test. This 
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difference could be due to either ascertainment biases in either study, a true decrease 
in the frequency of the disease in this breed, one or more additional Type 3 mutations 
in the breed, or a combination of these possibilities. Whatever the reason for the 
difference, most or all of the Type 3 disease in the Sheitie is probably caused by this 
5 one mutation. This is based on the understanding of the importance of the Founder 
effect (or populate sire effect) on the increase in the frequency of specific genetic 
diseases in purebred populations of domestic animals. A 17 member pedigree of 
Shelties, in which the mutation was segregating was tested for normal Mendelian 
inheritance of the allele. There were no differences from what would be expected 

10 under co-dominant inheritance of the two alleles. 

SPECIFIC EXAMPLE 4 
In an effort to find mutations that cause vWD in other canine breeds, affected 
animals were surveyed, as diagnosed by low levels of vWF antigen, for the three 
mutations set forth herein. In the case of the Manchester terrier breed, it was found 

15 that at least a portion of the affected animals had the identical mutation that causes 
vWD in the Doberman pinscher. The test described supra for the Doberman pinscher 
was utilized to test an affected Manchester terrier, plus several related animals. The 
affected animal was found to be homozygous for the mutant allele (Table 2). In 
addition, several animals who had vWF values in the carrier range were found to be 

20 carriers at the genotypic level. 



Table 2 

Manchester terrier vWF values vs. DNA genotype 



Dog 


vWF value" 


Genotype" 


MT1 


200% 


normal 


MT2 


76% 


normal 


MT3 


42% 


carrier 


MT4 


19% 


carrier 


MT5 


NT 


carrier 


MT6 


NT 


carrier 


MT7 


10% 


affected 



a Factor values as reported from a testing lab (Cornell CVM, Hematology Lab). 
b Genotype for the leaky splice mutation originally found in the Doberman 
pinscher. 
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SPECIFIC EXAMPLE 5 

In an effort to locate mutations that cause vWD in other canine breeds, 
affected animals as diagnosed by low levels of vWF antigen, were surveyed for the 
three mutations set forth herein. The test described supra for the Doberman pinscher 
was utilized and, in the case of the Poodle breed, it was found that the affected 
animals had the identical mutation that causes vWD in the Doberman pinscher. The 
affected animals were found to be homozygous for the mutant allele. In addition, 
several animals who had vWF values in the carrier range were found to be carriers 
at the genotypic level. 

The foregoing discussion discloses and describes merely exemplary 
embodiments of the present invention. One skilled in the art will readily recognize 
from such discussion, and from the accompanying drawings, that various changes, 
modifications and variations can be made therein without departing from the spirit and 
scope of the invention. 

All patents and other publications cited herein are expressly incorporated by 
reference. 
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WE CLAIM: 

1. An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding mutated canine von Willebrand Factor polypeptide which causes canine von 
Willebrand's disease, wherein the nucleotide sequence is capable of hybridizing under 
high stringency conditions to the complementary sequence of the sequence of SEQ 
ID NO. 1 having a mutation at nucleotide 7639. 

2. A vector comprising the nucleic acid molecule of Claim 1. 

3. A cell comprising the vector of Claim 2. 

4. The isolated nucleic acid molecule of Claim 1 , wherein the mutation at 
nucleotide 7639 is a substitution, 

5. An isolated nucleic acid molecule comprising a nucleotide sequence 
encoding mutated canine von Willebrand Factor polypeptide which causes canine von 
Willebrand's disease, wherein the nucleotide sequence is capable of hybridizing under 
high stringency conditions to the complementary sequence of the sequence of SEQ 
ID NO. 1 having a deletion at nucleotide 937. 

6. A vector comprising the nucleic acid molecule of Claim 5. 

7. A cell comprising the vector of Claim 6. 

8. A method of detecting a canine von Willebrand Factor gene in a sample 
comprising the steps of: 

a) contacting the sample with an oligonucleotide comprising 
contiguous nucleic acids of the nucleotide sequence of SEQ ID 
NO. 1 having a mutation at nucleotide 7639, and capable of 
specifically hybridizing with the canine von Willebrand Factor 
gene, under conditions favorable for hybridization of the 
oligonucleotide to any complementary sequences of nucleic 
acid in the sample; and 

b) detecting hybridization, thereby detecting a canine von 
Willebrand Factor gene. 
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9. The method of Claim 8, further comprising the step of: 

c) quantifying hybridization of the oligonucleotide to the 
complementary sequence. 



10. The method of Claim 8, wherein the mutation at nucleotide 7639 is a 
substitution. 



11. A method of detecting a canine von Wiilebrand Factor gene in a sample 
comprising the steps of: 

a) contacting the sample with an oligonucleotide comprising 
contiguous nucleic acids of the nucleotide sequence of SEQ ID 
5 NO. 1 having a deletion at nucleotide 937, and capable of 

specifically hybridizing with the canine von Wiilebrand Factor 
gene, under conditions favorable for hybridization of the 
oligonucleotide to any complementary sequences of nucleic 
acid in the sample; and 
10 b) detecting hybridization, thereby detecting a canine von 

Wiilebrand Factor gene. 



12. The method of Claim 11, further comprising the step of: 

c) quantifying hybridization of the oligonucleotide to the 
complementary sequence. 



13. An assay kit for screening for a canine von Wiilebrand Factor gene 
comprising: 

a) an oligonucleotide comprising contiguous nucleic acids of the 
nucleotide sequence of SEQ ID NO. 1 having a mutation at 
nucleotide 7639 t and capable of hybridizing with the nucleotide 
sequence encoding canine von Wiilebrand Factor; 

b) reagents for hybridization of the oligonucleotide to a 
complementary nucleic acid sequence; and 

c) container means for a)-b). 



14. The assay kit of Claim 13, wherein the mutation at nucleotide 7639 is 
a substitution. 
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15. An assay kit for screening for a canine von Willebrand Factor gene 
comprising: 

a) an oligonucleotide comprising contiguous nucleic acids of the 
nucleotide sequence of SEQ ID NO. 1 having a deletion at 
nucleotide 937, and capable of hybridizing with the nucleotide 
sequence encoding canine von Willebrand Factor; 

b) reagents for hybridization of the oligonucleotide to a 
complementary nucleic acid sequence; and 

c) container means for a)-b). 



16. An assay kit for screening for a canine von Willebrand Factor gene 
comprising: 

a) an oligonucleotide comprising contiguous nucleic acids of the 
nucleotide sequence that is complementary to the sequence of 
SEQ ID NO. 1 having a mutation at nucleotide 7639, and 
capable of specifically hybridizing to the complementary 
nucleotide sequence; 

b) reagents for hybridization of the oligonucleotide to a 
complementary nucleic acid sequence; and 

c) container means for a)-b). 



17. The assay kit of Claim 16, wherein the mutation at nucleotide 7639 is 
a substitution. 



18. An assay kit for screening for a canine von Willebrand Factor gene 
comprising: 

a) an oligonucleotide comprising contiguous nucleic acids of the 
nucleotide sequence that is complementary to the sequence of 
SEQ ID NO. 1 having a deletion at nucleotide 937, and capable 
of specifically hybridizing to the complementary nucleotide 
sequence; 

b) reagents for hybridization of the oligonucleotide to a 
complementary nucleic acid sequence; and 

c) container means for a)-b). 
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19. A method for detecting a mutated canine von Willebrand Factor gene 
in a canine DNA sample comprising the steps of: 

a) amplifying the DNA sample by polymerase chain reaction to 
produce polymerase chain reaction products, wherein the 
5 polymerase chain reaction uses primers that produce a 

restriction site in a mutant allele but not in a normal allele, 
wherein the mutation in the mutant allele is a deletion at 
nucleotide 937 of the gene encoding canine von Willebrand 
Factor; 

10 b) digesting the polymerase chain reaction products with a 

restriction enzyme specific to the restriction site of the 
restriction site primer to produce DNA fragments; and 
c) detecting the DNA fragments, thereby detecting a mutated 
canine von Willebrand Factor gene. 

20. The method of Claim 19, wherein the DNA fragments are detected by 
gel electrophoresis. 

21. The method of Claim 19, wherein the primers have the sequence of 
SEQ ID NOS: 23 and 25. 



22. 



The method of Claim 19, wherein the restriction enzyme is Mwo I. 
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23. A method for detecting a mutated canine von Willebrand Factor gene 
in a canine DNA sample comprising the steps of: 

a) amplifying the DNA sample by polymerase chain reaction to 
produce polymerase chain reaction products, wherein the 
polymerase chain reaction uses primers that produce a 
restriction site in a mutant allele but not in a normal allele, 
wherein the mutation in the mutant allele is a substitution at 
nucleotide 7639 of the gene encoding canine von Willebrand 
Factor; 

b) digesting the polymerase chain reaction products with a 
restriction enzyme specific to the restriction site of the 
restriction site primer to produce DNA fragments; and 

c) detecting the DNA fragments, thereby detecting a mutated 
canine von Willebrand Factor gene. 

24. The method of Claim 23, wherein the DNA fragments are detected by 
gel electrophoresis. 

25. The method of Claim 23, wherein the primers have the sequence of 
SEQ ID NOS: 28 and 29. 

26. The method of Claim 23, wherein the restriction enzyme is Msp I. 

27. An oligonucleotide probe capable of detecting a mutation associated 
with canine von Willebrand's disease, wherein the mutation is a base substitution at 
nucleotide 7639 of the nucleotide sequence encoding canine von Willebrand Factor. 

28. The oligonucleotide probe of Claim 27, wherein the substitution at 
nucleotide 7639 is adenine for guanine. 

29. An oligonucleotide probe capable of detecting a mutation associated 
with canine von Willebrand's disease, wherein the mutation is a base deletion at 
nucleotide 937 of the nucleotide sequence encoding canine von Willebrand Factor. 
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ABSTRACT 

The complete sequence of the canine von Willebrand Factor cDNA and 
deduced amino acid sequence is provided. The mutation which causes von 
Wiilebrand's Disease in Scottish Terriers, Doberman pinschers, Shetland sheepdogs, 
Manchester terriers and Poodles are also provided. Methods for detecting carriers 
of the defective vWF gene are also provided. 
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FIGURE 1A 



I CAXXAAXAGG TCCTCCCTCG CACCXTTTTT TTCGGACCAG CACTCCATGT TCAAGCGCAA 
« ACAGGGGCCA ATTAGGATCA ATCTTTTTTC liiLUiAll ' TAAAAAAAAA AATTCTTCCC 
a2a ACTTTCCACA CGGACASTAG TACATACCAG TACCTCTCTC CGAGGACGGT CATCACTAAT 

ata CATTTCTCCT CCTTCCTCCC agatgagtcc taccacactt gtgacggtgc tcctcgctct 

24a CGCCCTCATC TTCCCACCCA AACTTTCTAC AAAAGGGACT CTTGGAAGCT CATCGATCGC 
30a CCCATCXACC CTTCTCCGAG CTCACTTCAT CAACACCTTT GATCAGAGCA TCTACACCTT 
3«a TCCCGCACAT TGCAGTTACC TCCT GG CTCG CGACTGCCAG CAACACTCCA TCTCACTTAT 
42a CGGGCCTTTC CAAAATCACA AAACACTCAC CCTCTCCCTC TATCTCGGAG AATTTTTCGA 
4«a CATTCATTTG TTTGTCAATG GTACCATGCT GCAGGGCACC CAAACCATCT CCATGCCCTA 
54a CCCCTCCAAT GGG C XCT A TC TACACCCCCA GGCTGGCXAC TACAAGCTGT CGAGTGAGGC 
<0a CTACGGCTTT GTGGCCAGAA TTGATGGCAA TGGCAACTTT CAACTCCTCC TGTCAGACAG 
«a ATACXTCAAC AAGACCTGTG GG C T G TGT G G CAACTTXAAT ATCTTTGCTG AGGATGACTT 
72a CAAGACTCAA GAAGCGACGT TGACTTCGGA CCCCTATCAC TTTGCCAACT CCTCGGCCCT 
TBI GAGCAGTCCG GAACAACCGT CCAAACCCCT CTCCCCTCCC ACCACCCCAT GCAATCTCTC 
«<a CTCTCATCAA CTGCACCACC TCCI G T G GGA CCACTCCCAC CTCC7CAACA CTCCCTCCCT 
SOa CTTTCCCCCC TGCCACCCGC TCCTCCACCC TCACCCTTTT CT C CCCCTGr GTGAWVGGAC 
9$1 TCTCTCCACC T C T C T CC ACG CGATGCACTC CCCTTGTCCG CTCCTCCTCC ACTACCCCCG 
a02a CGCCTCTGCC CACCAGGCCA TTCTCTTGTA CCCCTCCACC CACCACACCC TCTGCCCACC 

aoea agcatcccct cctcccatcg actacaagca ctgcctctcc ccttccacca gaacttgcca 
aa<a cacccttcat ctcaaacaac tctctcacca gcaatgtgta catccctcca cctcccccca 
a2oa cgcccacctc ctggatgaag cccactccct cccaactcct gactcttcct gtctccatcc 

a26a TGCCCAACCG TACCCTCCCC CCCCCTCCCT CT7ACACCAC TGCCACACCT CCATTTGCCG 
1221 AAATAGCCTG TGCATCTCCA CCAATGAAGA ATCCCCACCC GACTCTCTCC TCACAGGACA 
1381 CTCCCACTTC AAGAGCTTCG ACAACAGGTA C7TCACCTTC AGTCCGGTCT GCCACTACCT 
a«l CCTCGCCCAC CACTCCCACG ACCACACATT CTCTCTTCTC ATACAGACTG TCCACTCTGC 
aSOa CCATCACCTG GATCCTCTCT CCACCCCCTC GCTCACCCTC CGCC7GCCTG CACATCACAA 
a5$a CACCCTTCTC AAGCTCAACA ATCCCCGACG ACTCTCCATG CATGGCCACG ATATCCACAT 
a€2a TCCTCTCCTG CAACGTCACC TCCGCATCCA CCACACCCTC ATGGCCTCCC TGCGCCTCAG 
a68a CTACGCCCAC CACCXGCAGA TCGATTCCCA CGTCCGGGGC AGGCTACTGG TCACGCTCTA 
a741 CCCCCCCTAC CCCGSGAACA CCTGCGCCCG TCGCGGGAAC TACAACGGCA ACCGGGGGGA 
a8 0a CGACTTCCTG ACGCCCGCAG CCCTGCCGGA CCCCCTCCTC CACGACTTCG CGAACGCCTG 

aeea caacctgctc gcggcctccg acaacctcca caaccagcac cgcgatccct gcagcctcaa 
a92a cccgcgccac cccacgtttg cggaggaggc ctgcgcgctg ctgacctcct cgaagttcga 
a98a cccctcccac cgagcggtgg ctcctcaccc ctacctccac aactgccxct accacgtctg 

204 a CTCCTCCTCC CACCGCAGAG ACTCTCTTTC CAGCGCCCTC CCCAACTACC CCGCfcGCCCT 
2a01 GGCCCCCAGG CGCCTCCACA TCGCGTCGCC CGAGCCGGGC TTCTGTGCCC TGAGCTGCCC 
2161 CCACGCCCAC CTCTACCTCC ACTCTCCGAC CCCCTCCAAC ATGACCTCTC TCTCCCTCTC 
222 a TTACCCGGAC CAGGACTGCA ATGAGCTCTC CTTGGAAACC TGCTTCTCCC CCCCACGGCT 
228a CTAC CTCGAT CAGACCGCAC ATTCTCTCCC CAAGCCTCAG TGTCCCTCTT ACTATGATGG 
254a TCACATCTTT CAGCCCCAAC ACATCTTCTC ACACCATCAC ACCATCTCCT ACTCTGAGGA 
24 ©a TCGCTTCATC CACTCTACCA CAACTCCACC CCTGCGAAGC CTGCTCCCCA ACCCCGTGCT 
24 €1 c * GCASCC ^g CCGTGTCACC CCACCAAAAC CAGCCTCTCC TCTCCGCCCC CCATCGTCAA 
2S2a GTTGCTCTCT CCCGCTGATA ACCCCACCGC TCAACGACTC CAGTCTGCCA AAACCTCCCA 
258a GAACTATCAC CTCCACTGCA TCACCACACC CTCTCTCTCC CCCTCCCTCT CCCCGCAGGG 
264a CATCGTCCCC CATCAAAACA CCTCTCTCGC CCTCGAAACA TCTCC CT CCT TCCACCAACC 
270a CCAACACTAC CCCCCACGAG AAACCCTCAA AATTCACTCC AACACTTCTC TCTCTCGGGA 
27W CCCCAACTCC ACCTCCACAG ACCAXCTCTC TGATGCCACT TCCTCTGCCA TCCGCATCCC 
282a CCAC IACCTC ACCTTCCACC CACTCAACTA CC XGIICCCT CGCGAGTCCC ACTATGTTCT 
28fa CCTGCACCAT TACTCCCCCA CTAACCCTGG CACCTTACGG ATCCTG G TGG CGAACGAGGC 
2S4a CTCCAGCTAC CCCTCACTGA AATGCAACAA CCGCGTCACC ATCCTGGTGG AAGGAGGAGA 
300a CATTGAACTG TTTCATCGGG AGGTCAATGT GAAGAAACCC ATGAAGCATC AGACTCACTT 
30€a TGAGGTGGTA GAGTCTCCTC ACTACCTCAT TCTGCTCCTC GCCAAGCCAC TCTCTCTGCT 
3121 CTCGGACCAC CGCCTCACCA TCTCTCTCAC CCTGAAGCCG ACATACCACG ACCACGTCTG 
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FIGURE 1B 

3181 TCG C CT C TCT GGGAATTTTG AXCGCATCCA GAACAATGAT TTCACCAGCA GCAGCCTCCA 
3241 AATAGAAGAA GACCCTGTGG ACTTTGGGAA TTCCTCCAAA GTCAACCCGC AGTGTGCCGA 
3301 CACCAACAAA GTACCACTGG ACTCAXCCCC TCCCCTCTCC CACAACAACA TCATCAACCA 
3361 CACGATGGTG C A TTCCTCCT CCACCATCCT CACCAGTGAT ATTTTCCAGG ACTGCAACAG 
3421 GCTGGTGGAC CCTCACCCAT TCCTGGACAT TTCCATCTAC CACACTTCCT CCTCTGAGTC 
3411 CATTCGGCAC TCCACCTCCT TCT C T C ACAC CATTCCTCCT TACCCCCACG TCTCTCCCCA 
3541 CCATCCCAAO CT C CT A CCCT CGAGGACAGC CACATTCTCT CCCCAGAATT CCGAGGACCG 
3401 CAATCTCCAC CACAATCCCT ATCACTCTCA CTCCCGCTAT AACAGCTGTG CCCCTCCCTC 
3661 TCCCATCACS TCCCACCACC CCGAGCCACT CGCATCCCCT CTACACTGTG TTCAACCTTC 
3721 CCAJCOCC AC TCCCCTCCAC CCAAAATCCX CGATCACCTT TTOCACACCT CCATCGACCC 
3?tl TGAAGACTCT CCT G TGTCTG AGGTGCCTGG HUlL G CUU CCCCCACCAA ACAAAATCAT 
3841 CITCAACCCC ACTGACCCTG AGCACTCCCA AATTTGTAAX TGTGATGGTG TCAACTTCAC 
3501 CT G T A ACCCC TCCAGACAAC CCGCAACTCT TGTCCTCCCC CCCACAGAXG CCCCCATTCC 
3 9 61 CTCTACCACC TCCTATGTCC AGGACACGTC CCACCCCCCC CTCCATCACX TCCACTCCAC 
4021 CACCCTTCTC GACCTCCTTT TCCTGCTGGA TCGCTCCTCC AACCT C TCTC ACGACGAGTT 
4081 TGAAGTGCTG AAGGTCTTTG TGGTGGCTAT GATGCAGCAT CTCCACATCT CCCAGAAGCG 
4141 CATCCCCCTC C C TCTC C TC g AGTACCACGA CCCCTCCCAC CCCTACATCC ACCTCAAGCA 
4201 CCCGAAGCGA CCCTCACACC TCCGGCGCAT CACCACCCAC GTGAAGTACG CGCCCAGCCA 
4261 GGTGGCCTCC ACCAGTGAGG TCTTAAAGTA CACCCTGTTC CAGATCTTTG GCAAGATCGA 
4321 rCG C CCGGAA CCCTCTC G CA TTCCCCTGCT CCTGATGGCC AGCCAGGAGC CCTCAAGGCT 
4381 GGCCCGGAAT TTGGTCCGCT ATCTGCAGGG CCTCAAGAAG AAGAAAGTCA TTCTCATCCC 
4441 TGTGGGCATC GGGCCCCACG CCAGCCTTAA CCAGATCCAC CTCATAGAGA AGCAGGCCCC 
4 SOI TGACAACAAG GCCTTTGTGT TCAGTG G T G T CGATGAGTTG GAGCAGCGAA CCGATGAGAT 
4S61 TATCAACTAC CTCTCTGACC TTGCCCCCGA ACCACCTGCC CCTACTCAGC ACCCCCCAAT 
4621 GCCCCAGGTC ACGCTGGGTT CCGAGCT G IT CGGGG7TTCA TCTCCAGGAC CCAAAAGGAA 
4681 CTCCATCGTC CTGGATGTGG TGTTTGTCCT GGAAGGGTCA GACAAAATTG GTGAGGCCAA 
4741 CTTTAACAAA AGCAGGGAGT TCATGCACGA GGTGATTCAG CGGATCGACG TGGGCCAGGA 
4801 CAGGATCCAC CTCACAGTGC TCCAGTACTC C7ACATGGTG ACCGTGGAGT ACACCTTCAG 
4S61 CGAGGCGCAG TCCAAGCCCG AGGTCCTACA GCAGGTGCGG GATATCCGAT ACCGGGGTGG 
4921 CAACAGGACC AACACTGGAC TGGCCCTGCA ATACCTGTCC CAACACAGCT TCTCGGTCAG 
4981 CCAGGGGGAC CGGGAGCAGG TACCTAACCT GGTCTACATG GTCACAGGAA ACCCCGCTTC 
S041 TGATCAGATC AAGCGCATGC CTGGAGACAT CCAGGTGGTG CCCATCGGGG TGGGTCCACA 
5101 TGCCAATGTC CAGGAGCTGG AGAAGATTG5 CTGCCCCAAT GCCCCCATCC 7CATCCATCA 
5161 CTTTGAGATG CTCCCTCGAG AGGCTCCTGA TCTGGTGCTA CAGAGGTGCT GCTCTGGAGA 
S221 CGGGCTGCAG ATCCCCACCC TCTCCCCCAC CCCAGATTGC AGCCAGCCCC TGGATGTGCT 
5281 CCTCCTCCTC CATGGCTCTT CCAGCATTCC AGCTTCTTAC TTTCATCAAA TGAAGAGCTT 
5341 CACCAAGGCT TTTATTTCAA CACCTAATAT AGGGCCCCGG CTCACTCAAG TCTCGGTCCT 
5401 GCAATATGGA AGCATCACCA CTATCGATCT GCCTTGGAAT GTAGCCTATG AGAAAGTCCA 
5461 TTTACTCAGC CTTGTGCACC TCATGCAGCA GGAGGGAGGC CCCAGCCAAA TTGGGGATGC 
5521 TTTGAGCTTT CCCGTGCGAT ATGTCACCTC AGAAGTCCAT GGTGCCAGGC CCGGAGCCTC 
5581 CAAAGCGGXG CTTATCCTAG TCACAGATGT CTCCGTGGAT TCAGTGGATC CTCCAGCCGA 
5641 CCCCGCCAGA TCCAACCGAG TGACACTGTT CCCCATTGGA ATCGGGGATC GGTACAGTGA 
S701 CGCCCAGCTG AGCAGCTTCG CAGGCCCAAA GCCTGGCTCC AATATGGTAA GGCTCCAGCG 
S761 AAT TGAAG AC CTCCCCACCG TGGCCACCCT GGCAAATTCC TTCTTCCACA AGCTGTGCTC 
S821 TGGCTTTGAT AGAGTTTCCG TGGATGAGGA • TGGGAAXGAG AAGAGGCCCC GGGATGTCTG 
S881 GACCrrGCCA GACCAGTGCC ACACAGTGAC TTGCCTGCCA GATGGCCAGA CCTTGCTCAA 
5941 CAGTC ATCCG GTCAACTGTG ACCGGGGGCC AAGGCCTTCG TCCCCCAATG GCCAGCCCCC 
6001 TCTCAGGGTA GAGGAGACCT GTGGCTGCCG CTGGACCTGT CCCTGTGTGT CCATGGGCAG 
6061 CTCTACCCGG CACATCGTGA C CII T C ATGG GCAGAAT2TC AAGCTGACTG GCAGCTGTTC 
6121 GTATGTCCIA TTTCAAAACA AGGAGCAGGA CCTGCAGGTG ATTCTCCAGA ATGGTGCCTG 
6181 CAGCCCTGGG GCGAAGGAGA CCTGCATCAA ATCCATTGAG GTGAAGCATG ACGGCCTCTC 
6241 ACTTGACCTC CACAGTCACA TCCAGATGAC AGTGAATGGG AGACTAGTCT CCATCCCATA 
6301 TGTGGGTCGA CACATCGAAG TCAATCTTTA TGGGACCATC ATGTATGAGG TCAGATTCAA 
6361 CCATCTTGGC CACATCTTCA CATTCACCCC CCAAAACAAT GAGTTCCAGC TGCAGCTCAG 
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6421 CCCCAGCACC TTTGCTTCCA AGACATATGG TCTCTCT S CG A7CTG7GA7G AGAACGGAGC 
64tl CAATGACTTC A77C7GAGGG ATGGGACAGT CACCACAGAC TGGAAGGCAC TCATCCAGGA 
6541 ATGGACCCTA CAGCAGCTTG GGAAGACATC CCAGCC7C7C CATGAGGAGC AG7G7CC7G7 
6601 CTCCGAATTC T7CCACTGCC AGGTCCTCCT CTCAGAATTG TTTCCCGAG7 GCCACAACGT 
6661 CCrCGCTCCA' CCCAC Cll VI ATCCCATGTG CCAGCCCGAC ACTTGCCACC CGAACAAAGT 
€721 GXCTGAGGCG ATTGCCTTGT ATGCCCACCT CTGT CC GACC AAAGGGGTCT GTGTCGACTG 
€7*1 GACGAGGGCC AATTTCTGTG CTATGTCATG TCCACCATCC CTGGTGTACA ACCACTGTGA 
6841 GCATGGCTGC CCTCSGCTCT CTGAAGGCAA TACAAGCTCC TGTGGGGACC AACCCTCGGA 
€501 AGCCTGCTTC TCCCCCCCAA ACCAAGTCAT CCTGGAAGCT AGCTGTGTCC CCGAGGAGGC 
C$61 CTGTACCCAG TGCATCAGCG AGGATGCAGT CCGGCACCAG 7TCC7GGAAA CCTGGGTCCC 
7021 AGCCCACCAG CCTTGCCAGA TCTCCACGTC CCTCAGTGGG CGGAAGGTCA ACTGTACGTT 
7081 GCAGCCCTGC CCCACAGCCA AAGCTCCCAC CTCTGGCCCG TGTGAAGTGG CCCGCCTCCG 
7IU CCAGAACCCA GTGCAGTGCT GCCCGCAGTA CCA G TGT C TG TG7CACC7GG TGAGCTGTCA 
7201 C C T C CC C CCG CTGCCTCCCT GCGAAGATGG CCTCCAGATC ACCCTCACCA ATCCTGCCGA 
7261 GTGCAGACCC AAC7TCACC7 GTGCCTCCAG CAAGCATGAA TGCAGACGGG AGTCCCCGCC 
7321 CTCTTGTCCC CCGCACCGGA CGCCGGCCCT TCGGAAGACT CAGTGCTGTG ATGAGTATGA 
7381 CTCTCCATCC AACTGTGTCA ACTCCACCGT GAGCTGCCCG CTTCGGTACC TGGCCTCGGC 
7441 TGTCACCAAC GACTCTCGCT GCACCACAAC AACCTGCTTC CCTGACAAGG TGTGTGTCCA 
7S01 CCGAGGCACC ATCTACCCTG TCCGCCAGTT CTGGGAGGAG GCCTGTCACG TG7CCACCTG 
7S61 CACCPACTTG GAGCACTCTG TGA7GGGCCT GCGTGTGGCC CAGTGCTCCC AGAAGCCCTG 
7621 TGAGGACAAC TGCCTGTCAG CCTTCACTTA TGTCCTXCAT GAAGGCGAGT GCTCTCGAAG 
7681 GTGTCTGCCA TCTGCCTCTG AGGTGGTCAC TGGTTCACCA CGGCGCGACG CCCAGTCTCA 
7741 CTGGAAGAAT GTTGGCTCTC ACTGGGCCTC CCCTGACAAC CCCTGCCTCA 7CAA7CAC7G 
7801 TGTCCGAGTG AAGGAAGAGG TCTTTGTGCA ACAGAGGAAT GTC7CCTGCC CCCAGCTGAA 
7861 TG7CCCCACC TCCCCCACGG CCTTCCACCT CAGCTGTAAG ACCTCAGAGT GTTGTCCCAC 
7S21 CTGTCACTGC GAGCCCCTCG AGGCCTGCTT GCTCAATGGT ACCATCATTG CGCCGSGGAA 
7S81 AAGTCTGATG ATTCATGTCT GTACAACCTG CCCCTGCACC G7GCCGG7GG GAGTCATCTC 
8041 TGGATTCAAG CTGGACGGCA GGAAGACCAC CTGTCACGCA TCCCCCCTGC CT7ATAAGGA 
5101 AGAGAAGAAC CAAGG7CAA7 GCTGTGGGAG ATGTCTCCCT ATAGCTTGCA CCATTCAGCT 
8161 AAGAGGAGGA CAGATCA7GA CACTGAAGCG TGATGAGACT ATCCAGGA7G GCTGTGACAG 
8221 TCACTTCTGC AAGGTCAATC AAAGACGAGA G7ACATCTGG GAGAAGAGAG TCACG3GTTG 
8281 CCCACCT7TC GATGAACACA AGTGTCTGGC TGAGGGAGCA AAAATCATGA AAA77CCAGG 
8341 CACCTGCTGT GACACATGTG ACGAGCCAGA ATGCAAGGAT ATCA7TGCCA ACCTGCAGCG 
8 4 01 TGTCAAAGTG GGAGACTGTA AGTCTGAAGA GGAAGTGGAC ATTCATTACT G7GAGGGTAA 
84 61 A7G7GCCAGC AAAGCCC7G7 AC7CCA7CCA CA7GGACGAT G7GCAGGACC AG7GC7CC7G 
CS21 C7GC7CCCCC ACCCAGACGG AGCCCA7GCA CG7GGCCC7G CG C7GCACCA A7CGC7CCC7 
8S81 CA7CTACCA7 GAGA7CCTCA A7CCCA7CCA A7GCAGG7G7 TCCCCCACGA AG7GCAGCAA 
8 641 G7GAGGCCAC TGCC7GCA7C C7AC7C7CGC C7GCC7TACC CCACC7CAC7 CGAC7CGCCA 
87 01 GAC7GC7GCT CAG7CC7CC7 CAG7CC7CC7 CC7GC7CTGC TC7TG7GCT7 CC7GA7CCCA 
8761 CAA7AAAGG7 CAA7C7T7CA CC77GAAAAA AAAAAftAAAA AA 
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exon < AAATGACAAAAGAGTGAGCCGGTC* 
AGGGGGTTTCCAAAATGAOIAAAGAGTGAGCCTCT^ 

GGFQNDKRVSLSVYLGEFFD 

CATTCATTTGTTTGTCAATGGTACCATGCTGCAG GggACC 

IHLFVNGTMLQGTQR 

a^ATGTTCAGGTTAATATGGACCCTGGGGATCACTTTGC^C 



GAGGGAGCCGGSGCCCAGAGACAGGAAGTAAATGTGCCCAGGGAAAGTGAGTGGCAGGAC 



TGGGTGAAAGCCCCATATCCCGACTCCTGGTCAAGGAGACTTTGCACCAAGGTCCCAGCC 
3 1 -GGGCTGSCGACCAGTTCCTCTGAA-5 1 

CTGGAGCATGGGGTTGGGGTTGGAAGGTGGAGGGACATGGAGGAAATGCATGA.GAAGCAC 

exon S 

GCTTCCTGAGCTCCTCCTTGTCCCACCAGCATCTCCATGCCCTACGCCTCCAATGGGC 

XSMPYASNG 
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Normal Allele 

Exon 43 Intron 43 Exon 44 

* 

AGGACAACTGCCTGCCTGTCGgtgagtgggg . • . GGCTTCACTTAT 

i I I I I I 1 
AGGTRAGT Donor Consensus 



Mutant Allele 

AGGACAACTGCCTGCCT qtca gtgagtgggg . • ♦ GGCTTCACTTAT 

II 1(1 

AGGTRAGT Donor Consensus 
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Number UM V- 1 226CPPCUS 



Declaration, Petition and Power of Attorney for Patent Application 
As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled 

DNA ENCODING CANINE VON WILLEBRAND FACTOR AND METHODS OF USE 
the specification of which 

(check one) 

X is attached hereto. 

_ was filed on as 

Application Serial No. 



and was amended on . 

(if applicable) 

I do not know and do not believe that the subject matter of this application was known or used by 
others in the United States or patented or described in a printed publication in any country before my 
invention thereof, or patented or described in a printed publication in any country or in public use or 
on sale in the United States more than one year prior to the date of this application, or first patented 
or caused to be patented or made the subject of an inventor's certificate by me or my legal 
representatives or assigns in a country foreign to the United States prior to the date of this 
application on an application filed more than twelve months (six months if this application is for a 
design) before the filing of this application; and I acknowledge my duty to disclose information of 
which I am aware which is material to the examination of this application, that no application for 
patent or inventor's certificate on the subject matter of this application has been filed by me or my 
representatives or assigns in any country foreign to the United States, except those identified below, 
and that I have reviewed and understand the contents of the specification, including the claims as 
amended by any amendment referred to herein. 

I acknowledge the duty to disclose to the Office all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, §1.56. 



CLAIM OF BENEFIT OF EARLIER FOREIGN APPLICATION(S) 



I hereby claim priority benefits under Title 35, United States Code, §119 of any foreign application(s) 
for patent or inventor's certificate listed below, and have also identified below any foreign 
application(s) for patent or inventor's certificate filed by me on the same subject matter having a filing 
date before that of the application(s) from which priority is claimed. 

Check one: 

no such applications have been filed. 

X such applications have been filed as follows 



EARLIEST FOREIGN APPLICATION(S), IF ANY, FILED WITHIN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 



Country 


Application Number 


Date of Filing 
(month,day,year) 


Priority Claimed 
Under 35 USC 119 


PCT 


PCT/US99/18153 


August 10, 1999 


JX Yes 


No_ 








Yes 


No_ 








_Yes 


No_ 








Yes 


No_ 








_Yes 


No_ 



ALL FOREIGN APPLICATION(S), IF ANY FILED MORE THAN 12 MONTHS 
(6 MONTHS FOR DESIGN) PRIOR TO THIS U.S. APPLICATION 
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CLAIM FOR BENEFIT OF U.S. PROVISIONAL APPLICATION(S) 



I hereby claim the benefit under 35 U.S.C. §1 19(e) of any United States provisional application(s) 
listed below. 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) 



I hereby claim the benefit under Title 35, United States Code, §120 of any earlier United States 
application(s) or PCT international application(s) designating the United States listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the earlier 
application(s) in the manner provided by the first paragraph of Title 35, United States Code, §1 12, 1 
acknowledge the duty to disclose to the Office all information known to me to be material to 
patentability as defined in Title 37, Code of Federal Regulations, §1.56 which became available 
between the filing date(s) of the earlier application(s) and the national or PCT international filing date 
of this application. As to subject matter of this application which is common to my earlier 
application(s), if any, described below, I do not know and do not believe that the same was known or 
used by others in the United States or patented or described in a printed publication in any country 
before my invention thereof, or patented or described in a printed publication in any country or in 
public use or on sale in the United States more than one year prior to the date(s) of said earlier 
application(s), or first patented or caused to be patented or made the subject of an inventor's certificate 
by me or my legal representatives or assigns in a country foreign to the United States prior to the 
date(s) of said earlier application(s) on an application filed more than twelve months (six months if 
this application is for a design) before the filing of said earlier application(s); and I acknowledge that 
no application for patent or inventor's certificate on said subject matter has been filed by me or my 
representatives or assigns in any country foreign to the United States except those identified herein. 

09/132,652 August 11, 1998 Patented 

(Application Serial No.) (Filing Date) (Status) 

(patented,pending,aband.) 



(Application Serial No.) (Filing Date) (Status) 

(patented,pending,aband.) 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys and/or 
agents to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith. 



James E. Cockfield 


Reg. 


No. 19,162 


Nicholas P. Triano III 


Reg. No. 36,397 


Thomas V. Smurzynski 


Reg. 


No. 24,798 


Peter C. Lauro 


Reg. No. 32,360 


Ralph A. Lor en 


Reg. 


No. 29,325 


DeAnn F. Smith 


Reg. No. 36,683 


OIUIIO /\. UcV^OIlLl, jr. 


Keg. 


iNO. D 1 ,J\JJ 


William jj. Devaui 


Reg. No. 42,483 


Ann Lamport Hammitte 


Reg. 


No. 34,858 


David J. Rikkers 


Reg. No. 43,882 


Elizabeth A. Hanley 


Reg. 


No. 33,505 


Chi Suk Kim 


Reg. No. 42,728 


Amy E. Mandragouras 


Reg. 


No. 36,207 


Maria Laccotripe Zacharakis 


Limited Recognition 


Anthony A. Laurentano 


Reg. 


No. 38,220 




Under 37 C.F.R. § 10.9(b) 


Jane E. Remillard 


Reg. 


No. 38,872 


Debra J. Milasincic 


Reg. No. P46,931 


Jeremiah Lynch 


Reg. 


No. 17,425 


David R. Burns 


Reg. No. P46,590 


Kevin J. Canning 


Reg. 


No. 35,470 


Sean D. Detweiler 


Reg. No. 42,482 


Jeanne M. DiGiorgio 


Reg. 


No. 41,710 


Peter S. Stecher 


Reg. No. P47,259 


Megan E. Williams 


Reg. 


No. 43,270 





Send Correspondence to DeAnn F. Smith at Customer Number: 000959 whose address is: 



Lahive & Cockfield, LLP, 28 State Street, Boston, MA 02109 

Direct Telephone Calls to: (name and telephone number) 

DeAnn F. Smith , (617) 227-7400 

Wherefore I petition that letters patent be granted to me for the invention or discovery described and 
claimed in the attached specification and claims, and hereby subscribe my name to said specification and 
claims and to the foregoing declaration, power of attorney, and this petition. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements ma 
on information and belief are believed to be true; and further that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 



Full name of sole or first inventor 
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Date 


Residence 




9646 Rolling Green, Pinckney, Michigan 48169 




Citizenship 




United States of America 




Post Office Address (if different) 



Full name of second inventor, if any 




George J. Brewer 




Inventor's signature 


Date 


Residence 


Citizenship 




United States of America 




Post Office Address (if different) 



Full name of third inventor, if any 




Vilma Yuzbasiyan-Gurkan 




Inventor's signature 


Date 


Residence 




3101 Dexter Road, Ann Arbor, Michigan 48103 




Citizenship 




United States of America 




Post Office Address (if different) 



Full name of fourth inventor, if any 




William D. Schall 




Inventor's signature 


Date 


Residence 




3150 S. Williamston, Williamston, Michigan 48895 




Citizenship 




United States of America 




Post Office Address (if different) 
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